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Description ' 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 J The present invention relates to an automotive 
alternator and particularly to an automotive alternator in 
which cooling of a stator is improved by making cooling 
airflows flow through cooling airflow ventilation channels 
formed by coil end groups of a stator winding and tooth 
portions of a stator core. 

2. Description of the Related Art 

[0002] Figure 22 is a cross section showing a conven- 
tional automotive alternator, Figure 23 is a perspective 
showing a stator used in the conventional automotive 
alternator, Figure 24 is a schematic diagram explaining 
a method for manufacturing a conventional stator core, 
and Figure 25 is a plan showing the conventional stator 
core. 

[0003] In Figures 22 and 23, the conventional auto- 
motive alternator includes: a case 3 constituted by an 
aluminum front bracket 1 and an aluminum rear bracket 
2; a shaft 6 disposed inside the case 3, a pulley 4 being 
secured to a first end of the shaft 6; a Lundell-type rotor 
7 secured to the shaft 6; cooling fans 5 secured to first 
and second axial end portions of the rotor 7; a stator 8 
secured to the case 3 so as to envelop the rotor 7; slip 
rings 9 secured to a second end of the shaft 6 for sup- 
plying electric current to the rotor 7; a pair of brushes 1 0 
sliding on surfaces of the slip rings 9; a brush holder 1 1 
accommodating the brushes 10; a rectifier 12 having a 
rectifier heat sink 12a, the rectifier 12 being electrically 
connected to the stator 8 for converting alternating cur- 
rent generated in the stator 8 into direct current; and a 
regulator 18 mounted to a regulator heat sink 17 fitted 
onto the brush holder 11 , the regulator 1 8 adjusting the 
magnitude of the alternating voltage generated in the 
stator 8. 

[0004] The rotor 7 is constituted by: a field winding 1 3 
for generating magnetic flux on passage of an electric 
current; and a pair of first and second pole cores 20 and 
21 disposed so as to cover the field winding 13, mag- 
netic poles being formed in the first and second pole 
cores 20 and 21 by magnetic flux generated in the field 
winding 13. The pair of first and second pole cores 20 
and 21 are made of iron, each has a plurality of first and 
second claw-shaped magnetic poles 22 and 23 having 
a generally trapezoidal outermost diameter surface 
shape disposed on an outer circumferential edge por- 
tion at even angular pitch in a circumferential direction 
so as to project axially, and the first and second pole 
cores 20 and 21 are fixed to the shaft 6 facing each other 
such that the first and second claw-shaped magnetic 
poles 22 and 23 intermesh. 

[0005] The stator 8 is constituted by: a cylindrical sta- 



2 

tor core 15 in which slots 33 extending parallel to an 
axial direction are arranged at an even angular pitch in 
a circumferential direction; and a stator winding 16 in- 
stalled in the slots 33 of the stator core 15. The stator 
5 winding 16 is constituted by three wave-winding phase 
portions each formed by installing a conductor wire 29, 
functioning as an electrical conductor composed of a 
copper wire material having a circular cross section 
coated with electrical insulation, into a wave shape in 
10 every third slot 33. The wave-winding phase portions 
are each installed in the stator core 1 5 such that the slots 
33 in which each wave-winding phase portion is in- 
stalled are offset by one slot from those of each of the 
other wave-winding phase portions. In addition, the 
15 wave-winding phase portions are each formed by wind- 
ing the conductor wire 29 into a distributed winding. The 
stator 8 is held between the front bracket 1 and the rear 
bracket 2 so as to form a uniform air gap between outer 
circumferential surfaces of the first and second claw- 
shaped magnetic poles 22 and 23 and an inner circum- 
ferential surface of the stator core 15. 
[0006] Moreover, the number of magnetic poles in the 
rotor 7 is twelve, and there are thirty-six slots 33 formed 
in the stator core 1 5. In other words, the slots are formed 
at a ratio of one per phase per pole. The stator winding 
1 6 is formed into a three-phase alternating-current wind- 
ing by forming the three wave-winding phase portions 
into an alternating-current connection (a Y connection, 
for example). 

[0007] A method for manufacturing the stator core 1 5 
will now be explained with reference to Figure 24. 
[0008] First, a long magnetic steel plate 30 is supplied 
to a pressworking machine (not shown), and formed into 
tooth portions 30a and a base portion 30b. Then, the 
magnetic steel plate 30 is supplied to a core manufac- 
turing device (not shown). Here, the magnetic steel plate 
30 is bent and wound up into a helical shape by in- 
termeshing pins 34 in gaps 30c defined by the tooth por- 
tions 30a and the base portion 30b as shown in Figure 
24. The magnetic steel plate 30 is laminated to a prede- 
termined thickness and then cut. Outer circumferential 
portions of the magnetic steel plate wound up in this 
manner are welded to obtain the stator core 1 5 shown 
in Figure 25. Here, the tooth portions 30a and the base 
portion 30b are each stacked up in the wound magnetic 
steel plate 30 in the direction of lamination. 
[0009] As shown in Figure 25, the stator core 1 5 man- 
ufactured in this manner includes: a cylindrical base por- 
tion 32; tooth portions 31 each extending from an inner 
circumferential surface of the base portion 32 toward an 
axial center; and the slots 33, which are defined by the 
base portion 32 and adjacent pairs of the tooth portions 
31 . The tooth portions 31 are disposed at an even an- 
gular pitch on the inner circumferential surface of the 
base portion 32. 

[0010] In the conventional automotive alternator con- 
structed in this manner, an electric current is supplied 
from a battery (not shown) through the brushes 10 and 
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the slip rings 9 to the field winding 1 3, generating a mag- 
netic flux. The first claw-shaped magnetic poles 22 on 
the first pole core 20 are magnetized into North-seeking 
(N) poles by this magnetic flux, and the second claw- 
shaped magnetic poles 23 on the second pole core 21 
are magnetized into South-seeking (S) poles. 
[0011] At the same time, the pulley 4 is driven by an 
engine and the rotor 7 is rotated by the shaft 6. A rotating 
magnetic field is applied to the stator core 15 due to the 
rotation of the rotor 7, generating an electromotive force 
in the stator winding 16. Then, the alternating electro- 
motive force generated in the stator winding 1 6 is con- 
verted into direct current by the rectifier 1 2 and the mag- 
nitude of the output voltage thereof is adjusted by the 
regulator 18, recharging the battery. 
[0012] Now, the field winding 13, the stator winding 
16, the rectifier 12, and the regulator 18 are constantly 
generating heat during power generation, and in an au- 
tomotive alternator having a rated output current in the 
100 A class, the amount of heat generated at rotational 
frequencies at which the temperature is high is 60 W, 
500 W, 1 20 W, and 6 W, respectively. 
[0013] Thus, in order to cool the heat generated by 
power generation, front-end and rear-end air intake ap- 
ertures 1a and 2a are disposed through axial end sur- 
faces of the front bracket 1 and the rear bracket 2, and 
front-end and rear-end air discharge apertures 1b and 
2b are disposed through radial side surfaces of the front 
bracket 1 and the rear bracket 2 so as to face coil end 
groups 1 6f and 1 6r of the stator winding 16. 
[0014] Thus, the cooling fans 5 are rotated and driven 
together with the rotation of the rotor 7, and cooling air- 
flow channels are formed in which external air is sucked 
inside the case 3 through the front-end and rear-end air 
intake apertures 1 a and 2a, flows axially towards the ro- 
tor 7, is then deflected centrifugally by the cooling fans 
5, thereafter crosses the coil end groups 16f and 16r, 
and is discharged outside through the front-end and 
rear-end air discharge apertures 1b and 2b. Further- 
more, as a result of a pressure difference between a 
front end and a rear end of the rotor 7, a cooling airflow 
channel is formed in which cooling air flows through the 
inside of the rotor 7 from the front end to the rear end. 
[001 5] As a result, heat generated in the stator wind- 
ing 1 6 is dissipated from the coil end groups 1 6f and 1 6r 
to the cooling airflows, suppressing temperature in- 
creases in the stator 8. Furthermore, heat generated in 
the rectifier 12 and the regulator 18 is dissipated to a 
cooling airflow by means of the rectifier heat sink 12a 
and the regulator heat sink 17, thereby suppressing 
temperature increases in the rectifier 12 and the regu- 
lator 18. In addition, heat generated in the field winding 
13 is dissipated to the cooling airflow which flows 
through the inside of the rotor 7, thereby suppressing 
temperature increases in the rotor 7. 
[001 6] In the conventional automotive alternator con- 
structed in this manner, it is important to suppress tem- 
perature increases in the stator winding 1 6, which is the 
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largest heat-generating part. Since the cooling airflow 
formed by the cooling fans 5 and the rotor 7 flows 
through the coil end groups 16f and 16r of the stator 
winding 16 from an inner circumferential side in a radial 
s direction, heat generated in the stator winding 1 6 is dis- 
sipated from the coil end groups 1 6f and 1 6r to the cool- 
ing airflow, thereby suppressing temperature increases 
in the stator 8. 

[0017] Now, in an actual alternator, the ambient tern- 

10 perature under the worst operating conditions is 90°C. 
Furthermore, a varnish which is impregnated into the 
slots 33 of the stator core 1 5 and which bonds the stator 
core 15 and the stator winding 16 has a softening tem- 
perature of 230°C. Thus, when decreased output 

15 caused by decreased field current due to increased am- 
bient temperature is taken into consideration, the tem- 
perature of the stator 8 can be prevented from exceed- 
ing the softening temperature of the varnish even under 
the worst operating conditions if temperature increases 

20 in the stator core 8 are suppressed to 140°C or less at 
an ambient temperature of 90°C. A temperature in- 
crease of 1 40°C at an ambient temperature of 90°C cor- 
responds to a temperature increase of 1 70°C at an am- 
bient temperature of 20°C. 

25 [0018] If the varnish reaches its softening tempera- 
ture, heat degradation is promoted and bonding be- 
tween the stator core 15 and the stator winding 16 is 
loosened. Loosening of bonding between the stator core 
15 and the stator winding 16 leads to rubbing between 

30 the conductor wires 29 of the stator winding 1 6 and the 
stator core 1 5, damaging the electrically-insulating coat- 
ing of the conductor wires 29 and causing deterioration 
in electrical insulation. 

[0019] The present applicants have focused on ven- 
35 tilation channels passing through gaps between the coil 
end groups 1 6f and 1 6r of the stator winding 1 6 and end 
surfaces of the stator core 15, and have found that a 
ratio (bt/ht) between a width bt and a radial length ht of 
the tooth portions 31, which define these ventilation 
40 channels as shown in Figure 26, affects the cooling of 
the stator winding 1 6. 

[0020] However, until now, no consideration had been 
given to the ratio (bt/ht) between the width bt and the 
radial length ht of the tooth portions 31 . The stator core 

45 15 used in the conventional automotive alternator has 
a ratio bt/ht approximately equal to 0.42 (bt = 4.8 mm; 
ht = 11 .4 mm), for example. When a saturation temper- 
ature of the stator 8 was measured with the automotive 
alternator generating power at full load under stable out- 

50 put conditions, the value of increase in the saturation 
temperature from an experimental ambient temperature 
(20°C) was calculated to be 1 73°C. Consequently, in the 
conventional automotive alternator one problem has 
been that, under the worst operating conditions, the 

55 temperature of the stator 8 exceeds the softening tem- 
perature of the varnish, promoting heat degradation and 
causing electrical insulation to deteriorate. 
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SUMMARY OF THE INVENTION 

[0021] The present invention aims to solve the above 
problems and an object of the present invention is to 
provide an automotive alternator enabling heat degra- s 
dation tolerance to be improved and deterioration in 
electrical insulation to be suppressed by appropriately 
setting a ratio (bt/ht) between the width bt and the radial 
length ht of tooth portions such that heat dissipation of 
a stator winding is improved, thereby keeping the tern- 10 
perature of a stator below a softening temperature of a 
varnish even under the worst operating conditions. 
[0022] In order to achieve the above object, according 
to one aspect of the present invention, there is provided 
an automotive alternator including: 15 

a shaft rotatably supported by a case; 

a rotor fixed to the shaft, the rotor being provided 

with: 

20 

a field winding for generating a magnetic flux 
on passage of an electric current therethrough; 
and 

a plurality of claw-shaped magnetic poles dis- 
posed circumferentially on an outer circumfer- 25 
ential side of the field winding, the claw-shaped 
magnetic poles being magnetized by the mag- 
netic flux generated by the field winding; and 

a stator provided with: 30 

a cylindrical stator core supported by the case 
so as to envelop the rotor, a plurality of slots 
extending axially being formed in the stator 
core so as to line up circumferentially; and 35 
a stator winding installed in the stator core, 

wherein the stator core is constructed by laminating 
a magnetic steel plate, the stator core being provid- 
ed with: 40 

a cylindrical base portion; 
a plurality of tooth portions disposed so as to 
extend from the base portion toward an axial 
center; and 45 
the plurality of slots, each of the slots being de- 
fined by the base portion and an adjacent pair 
of the tooth portions; 

ventilation channels are formed by a coil end group so 
of the stator winding and the tooth portions of the 
stator core, a cooling airflow generated by rotation 
of the rotor flowing through each of the ventilation 
channels in a radial direction from an inner circum- 
ferential side; and 55 
each of the tooth portions ia formed such that a ra- 
dial length ht and a width bt thereof satisfy an ex- 
pression 0.15 < bt/ht < 0.4. 
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[0023] A cooling fan may be fixed to an axial end sur- 
face of the rotor 

[0024] Air discharge apertures may be formed in a ra- 
dial side surface of the case so as to correspond to the 
ventilation channels. 

[0025] An entire axial length of a blade of the cooling 
fan may substantially overlap the coil end group in a ra- 
dial direction. 

[0026] The stator winding may be installed in the sta- 
tor core as a distributed winding. 
[0027] The stator winding may be constituted by a plu- 
rality of winding sub-portions each constructed by in- 
stalling an electrical conductor so as to alternately oc- 
cupy an inner layer and an outer layer in a slot depth 
direction in the slots at a predetermined slot interval. 
[0028] The slots may be formed at a ratio of two or 
more per phase per pole. 

[0029] The ventilation channels may be arranged at 
a non-uniform pitch. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

Figure 1 is a cross section showing an automotive 
alternator according to Embodiment 1 of the 
present invention; 

Figure 2 is a perspective showing a stator of the au- 
tomotive alternator according to Embodiment 1 of 
the present invention; 

Figure 3 is an enlarged partial plan showing a stator 
core of the automotive alternator according to Em- 
bodiment 1 of the present invention; 
Figure 4 is a perspective schematically showing 
one winding phase portion constituting a stator 
winding of the automotive alternator according to 
Embodiment 1 of the present invention; 
Figure 5 is a partial side elevation showing the sta- 
tor of the automotive alternator according to Em- 
bodiment 1 of the present invention; 
Figure 6 is a graph showing a relationship between 
a ratio bt/ht in the stator core and temperature in- 
crease in the stator in the automotive alternator ac- 
cording to Embodiment 1 of the present invention; 
Figure 7 is a perspective showing a stator of an au- 
tomotive alternator according to Embodiment 2 of 
the present invention; 

Figure 8 is a partial side elevation showing the sta- 
tor of the automotive alternator according to Em- 
bodiment 2 of the present invention; 
Figure 9 is a cross section showing an automotive 
alternator according to Embodiment 3 of the 
present invention; 

Figure 10 is a perspective showing a stator of an 
automotive alternator according to Embodiment 4 
of the present invention; 

Figure 1 1 is a partial side elevation showing the sta- 
tor of the automotive alternator according to Em- 
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bodiment 4 of the present invention; 
Figure 12 is a partial perspective schematically 
showing one winding phase portion constituting a 
stator winding of the automotive alternator accord- 
ing to Embodiment 4 of the present invention; 
Figure 13 is a perspective showing a stator of an 
automotive alternator according to Embodiment 5 
of the present invention; 

Figure 1 4 is a partial side elevation showing the sta- 
tor of the automotive alternator according to Em- 
bodiment 5 of the present invention; 
Figure 15 is a partial perspective explaining a wind- 
ing construction of a stator winding in the automo- 
tive alternator according to Embodiment 5 of the 
present invention; 

Figure 1 6 is another partial perspective explaining 
the winding construction of the stator winding in the 
automotive alternator according to 

Embodiment 5 of the present invention; 

[0031] 

Figure 1 7 is a diagram explaining a method for man- 
ufacturing the stator of the automotive alternator ac- 
cording to Embodiment 5 of the present invention; 
Figure 1 8 is another diagram explaining the method 
for manufacturing the stator of the automotive alter- 
nator according to Embodiment 5 of the present in- 
vention; 

Figure 19 is a plan showing a winding assembly 
used in the stator winding of the stator in the auto- 
motive alternator according to Embodiment 5 of the 
present invention; 

Figure 20A is a yet another diagram explaining a 
method for manufacturing the stator of the automo- 
tive alternator according to Embodiment 5 of the 
present invention; 

Figure 20B is yet another diagram explaining the 
method for manufacturing the stator of the automo- 
tive alternator according to Embodiment 5 of the 
present invention; 

Figure 20C is yet another diagram explaining the 
method for manufacturing the stator of the automo- 
tive alternator according to Embodiment 5 of the 
present invention; 

Figure 21 is an enlarged partial plan showing a sta- 
tor core of a stator of an automotive alternator ac- 
cording to Embodiment 6 of the present invention; 
Figure 22 is a cross section showing a conventional 
automotive alternator; 

Figure 23 is a perspective showing a stator used in 

the conventional automotive alternator; 

Figure 24 is a schematic diagram explaining a 

method for manufacturing a conventional stator 

core; 

Figure 25 is a plan showing the conventional stator 
core; and 



Figure 26 is an enlarged partial plan showing the 
conventional stator core. 

DETAILED DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

[0032] The preferred embodiments of the present in- 
vention will now be explained with reference to the draw- 
ings. 
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Embodiment 1 



[0033] Figure 1 is a cross section showing an auto- 
motive alternator according to Embodiment 1 of the 

*5 present invention, Figure 2 is a perspective showing a 
stator of the automotive alternator according to Embod- 
iment 1 of the present invention, Figure 3 is an enlarged 
partial plan showing a stator core of the automotive al- 
ternator according to Embodiment 1 of the present in- 

20 vention, Figure 4 is a perspective schematically showing 
one winding phase portion constituting a stator winding 
of the automotive alternator according to Embodiment 

1 of the present invention, and Figure 5 is a partial side 
elevation showing the stator of the automotive alternator 

25 according to Embodiment 1 of the present invention. 
Moreover, in the figures, portions the same as or corre- 
sponding to those in the conventional automotive alter- 
nator shown in Figures 22 to 26 will be given the same 
numbering, and explanation thereof will be omitted. 

30 [0034] In Figures 1 to 5, a stator 40 is constituted by: 
a cylindrical stator core 41; and a stator winding 16 in- 
stalled in the stator core 41 . The stator 40 is fitted into 
and held between a front bracket 1 and a rear bracket 

2 so as to form a uniform air gap between outer circum- 
35 ferential surfaces of first and second claw-shaped mag- 
netic poles 22 and 23 and an inner circumferential sur- 
face of the stator core 41 . 

[0035] Next, a construction of the stator 40 will be ex- 
plained in detail. 

40 [0036] The stator core 41 is prepared in a similar man- 
ner to the conventional stator core 1 5 by laminating a 
magnetic steel plate 30, and includes: a cylindrical base 
portion 43; tooth portions 42 each extending from an in- 
ner circumferential surface of the base portion 43 toward 

45 an axial center; and slots 44 which are defined by the 
base portion 43 and adjacent pairs of the tooth portions 
42. The tooth portions 42 are arranged at an even an- 
gular pitch on the inner circumferential surface of the 
base portion 43. The tooth portions 42 are each formed 

so at a ratio of bt/ht = 0.35 (bt = 4.0 mm, ht = 11 .4 mm), 
where bt is a width dimension of each of the tooth por- 
tions and ht is a radial length dimension of each of the 
tooth portions. Moreover, thirty-six slots 44 are formed 
for twelve magnetic poles in the rotor 7. In other words, 

55 the slots are formed at a ratio of one per phase per pole. 
[0037] The stator winding 1 6 is constituted by a three- 
phase alternating-current winding in which three wind- 
ing phase portions 45 are formed into an alternating-cur- 
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rent connection (a Y connection, for example), the wind- 
ing phase portions 45 each being formed by winding a 
conductor wire 29 in a wave shape into every third slot 
44, the conductor wire 29 functioning as an electrical 
conductor composed of a copper wire material having a 
circular cross section coated with an electrical insulator. 
[0038] The winding phase portions 45 are each con- 
structed into a wave winding in which the conductor wire 
29 is wound for a predetermined number of winds, the 
winding phase portions 45 each being formed as shown 
in Figure 4 into a distributed winding portion having a 
wave-shaped pattern composed of: twelve slot-housed 
portions 45a arranged at a pitch of three slots (3P) in a 
circumferential direction; and linking portions 45b linking 
together a first half of end portions of adjacent pairs of 
the slot-housed portions 45a alternately at first and sec- 
ond axial ends and linking together a second half of the 
end portions alternately at the first and second axial 
ends. The winding phase portions 45 are installed in the 
stator core 41 such that the slot-housed portions 45a 
are housed in every third slot 44. The linking portions 
45b linking together the end portions of the adjacent 
pairs of the slot-housed portions 45a extend circumfer- 
entially on axially outside the stator core 41 , constituting 
coil ends. Here, a first half of the linking portions 45b 
extending outwards from any given slot 44 extend to a 
first circumferential side and enter a subsequent slot 44 
three slots away on the first circumferential side, and a 
second half thereof extend to a second circumferential 
side and enter a subsequent slot 44 three slots away on 
the second circumferential side. 
[0039] The three winding phase portions 45 are in- 
stalled in the stator core 41 such that the groups of slots 
44 in which each winding phase portion 45 is installed 
are offset by a pitch of one slot (1 P) in a circumferential 
direction from each other and the three winding phase 
portions 45 are stacked into three layers radially. The 
coil ends (the linking portions 45b) of the three winding 
phase portions 45 constitute front-end and rear-end coil 
end groups 16f and 16r of the stator winding 16. More- 
over, although not shown, a varnish is impregnated into 
the slots 44 which house the stator winding 16, fixing 
the stator winding 1 6 to the stator core 41 . 
[0040] As shown in Figure 5, in the stator 40 con- 
structed in this manner, ventilation channels 1 00 formed 
by the coil end groups 1 6f and 1 6r and the tooth portions 
42 of the stator core 41 are arranged circumferentially. 
Front-end and rear-end air discharge apertures 1b and 
2b are formed through radial side surfaces of the front 
bracket 1 and the rear bracket 2 so as to correspond to 
the ventilation channels 100. 

[0041 ] The rest of the construction is similar to that of 
the automotive alternator shown in Figures 22 to 26. 
[0042] According to Embodiment 1 , because the ratio 
(bt/ht) between the width bt and the radial length ht of 
each of the tooth portions 42 of the stator core 41 is 0.35, 
the ventilation channels 100 formed thereby are narrow 
compared to those in the conventional stator 8 which 
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has a ratio of bt/ht = 0.42. Because cooling airflows gen- 
erated by cooling fans 5 flow through the narrow venti- 
lation channels 1 00, the speed of the cooling airflows is 
increased and heat generated in the stator winding 16 

5 is efficiently dissipated to the cooling airflows, suppress- 
ing temperature increases in the stator 40. 
[0043] Because temperature increases in the stator 
40 are suppressed, output can be improved. In addition, 
heat degradation resulting from softening of the varnish 

w is suppressed, whereby damage to the electrically-insu- 
lating coating on the conductor wires 29 of the stator 
winding 16 resulting from the conductor wires 29 rub- 
bing against the stator core 41 is prevented, thereby im- 
proving electrical insulation even under the worst oper- 

*5 ating conditions. 

[0044] Because the cooling fans 5 are fixed to axial 
end surfaces of the rotor 7, the cooling airflows are for- 
cibly conveyed into the ventilation channels 100 by the 
cooling fans 5, increasing cooling of the coil end groups 

20 16fand16r. 

[0045] Because the air discharge apertures 1 b and 2b 
are disposed so as to correspond to the ventilation chan- 
nels 100, the cooling airflows flowing through the venti- 
lation channels 100 are speedily expelled through the 

25 air discharge apertures 1b and 2b. Hence, ventilation 
resistance is reduced, increasing cooling of the coil end 
groups 16f and 16r and reducing wind noise. 
[0046] Because the stator core 41 is fitted into the 
front bracket 1 and the rear bracket 2, some of the heat 

30 generated in the stator winding 1 6 is transferred through 
the stator core 41 to the front and rear brackets 1 and 
2. Then, the heat transferred to the front and rear brack- 
ets 1 and 2 is dissipated to the cooling airflows flowing 
through the front-end and rear-end air discharge aper- 

35 tures 1b and 2b. Hence, temperature reduction in the 
stator 40 is promoted. 

[0047] Because the winding phase portions 45 con- 
stituting the stator winding 16 are each constituted by 
distributed winding portions, the linking portions 45b 

^0 (coil ends) of each of the winding phase portions 45 ex- 
tending from the slots 44 are distributed half each onto 
the first and second circumferential sides. Thus, be- 
cause bundles of the linking portions 45b are thinner and 
irregularities in inner wall surfaces of the ventilation 

45 channels 100 are reduced, increasing cooling of the coil 
end groups 16f and 16r. 

[0048] A relationship between the ratio bt/ht and val- 
ues of temperature increase in the stator 40 will now be 
investigated. Figure 6 shows values of increase in sat- 

50 uration temperatures from an experimental ambient 
temperature (20°C) when power was generated at full 
load under stable output conditions in an automotive al- 
ternator mounted with stators in which bt/ht was varied, 
and the saturation temperatures of the stators were 

55 measured. Moreover, in Figure 6, bt/ht is represented 
on the horizontal axis, and values of temperature in- 
crease in the stators from the ambient temperature of 
the experiment (20°C) are represented on the vertical 
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axis. Furthermore, the automotive alternator was oper- 
ated at 3000, 3500, 4000, 4500, and 5000 rpm, the sat- 
uration temperatures of the stators measured, and the 
largest values used as the saturation temperatures of 
the stators. 

[0049] In Figure 6, the values of temperature increase 
in the stators adopt a curve having a point of inflexion 
at bt/ht = 0.27. In a region of the curve where bt/ht is 
greater than 0.15 and less than 0.27, the values of tem- 
perature increase in the stators increase slowly as bt/ht 
decreases, and in a region of the curve where bt/ht is 
less than 0. 1 5, the values of temperature increase in the 
stators increase rapidly as bt/ht decreases. On the other 
hand, in a region of the curve where bt/ht is greater than 
0.27 and less than 0.4, the values of temperature in- 
crease in the stators increase slowly as bt/ht increases, 
and in a region of the curve where bt/ht is greater than 
0.4, the values of temperature increase in the stators 
increase rapidly as bt/ht increases. Thus, in a region of 
the curve where bt/ht is greater than 0. 1 5 and less than 
0.4, the values of temperature increase in the stators 
are suppressed to 170°C or less. 
[0050] It can be inferred from this that when bt/ht is 
less than 0.27, the ventilation channels 100 become 
narrow, increasing the speed of the cooling airflows 
flowing inside the ventilation channels 1 00, thereby pro- 
moting heat transfer from inner wall surfaces of the coil 
end groups constituting the ventilation channels 100, 
but when bt/ht is less than 0. 1 5, the ventilation channels 
100 become too narrow, making the cooling airflow rate 
through the ventilation channels 100 extremely small, 
thereby leading to a drop in cooling airflow speed and a 
deterioration in cooling. Furthermore, it can be inferred 
that when bt/ht is greater than 0.27, ventilation resist- 
ance in the ventilation channels 1 00 decreases sharply 
and the cooling airflow rate increases, effectively in- 
creasing the speed of the cooling airflows, thereby pro- 
moting heat transfer from inner wall surfaces of coil end 
groups constituting the ventilation channels 100, but 
when bt/ht is greater than 0.4, cross-sectional areas of 
the airflows in the ventilation channels 100 become too 
wide, leading to a drop in cooling airflow speed and a 
deterioration in cooling. 

[0051] Now, since the softening temperature of the 
varnish is 230°C, when decreases in output resulting 
from reduced field current due to ambient temperature 
increases are taken into consideration, if the values of 
temperature increase at the ambient temperature of 
90°C are suppressed to 140°C or less, the temperature 
of the stator can be prevented from exceeding the sof- 
tening temperature of the varnish even under the worst 
operating conditions. A temperature increase of 140°C 
at an ambient temperature of 90°C corresponds to a 
temperature increase of 1 70°C at an ambient tempera- 
ture of 20°C. Consequently, in consideration of soften- 
ing of the varnish, it can be seen from Figure 6 that it is 
desirable to make bt/ht greater than 0.15 and less than 
0.4. Thus, an automotive alternator can be achieved in 



which resistance to heat degradation is improved and 
deterioration in electrical insulation resulting from loos- 
ening of the bonding between the stator winding 1 6 and 
the stator core 41 is suppressed. 
5 [0052] In addition, it can be seen from Figure 6 that 
where bt/ht is greater than or equal to 0.22 and less than 
or equal to 0.32, the values of temperature increase are 
stabilized between 166.3°C and 165°C. Thus, because 
the temperature of the stator is further stabilized and 
10 suppressed by setting bt/ht to greater than or equal to 
0.22, or less than or equal to 0.32, a high output auto- 
motive alternator can be achieved. 
[0053] Moreover, in Embodiment 1 above, the wind- 
ing phase portions are each constituted by a distributed 
15 winding portion installed in every third slot 44 such that 
strands of the conductor wire therein extend outwards 
from any given slot 44, the first half extending to the first 
circumferential side and entering the subsequent slot 44 
three slots away on the first circumferential side, and the 
20 remaining second half thereof extending to the second 
circumferential side and entering the subsequent slot 44 
three slots away on the second circumferential side, but 
similar effects can be achieved even if the stator winding 
phase portions are each constituted by a wave winding 
25 installed in every third slot 44 such that strands of the 
conductor wire therein extend outwards from any given 
slot 44, extend to the first circumferential side, and enter 
the subsequent slot 44 three slots away on the first cir- 
cumferential side. 

Embodiment 2 

[0054] Figure 7 is a perspective showing a stator of 
an automotive alternator according to Embodiment 2 of 
the present invention, and Figure 8 is a partial side ele- 
vation showing the stator of the automotive alternator 
according to Embodiment 2 of the present invention. 
[0055] In Figures 7 and 8, a stator 40A is constituted 
by: a stator core 41 A; and a stator winding 1 6A installed 
in the stator core 41 A. The stator core 41 A is prepared 
in a similar manner to the stator core 41 in Embodiment 
1 above, and tooth portions 42A each extending from a 
base portion 43A thereof are formed at a ratio of bt/ht = 
0.25 (bt = 2.5 mm, ht = 10.0 mm). Moreover, there are 
seventy-two slots 44A formed in the stator core 41 A. 
Here, because the number of magnetic poles in the rotor 
7 is twelve, the slots are formed at a ratio of two per 
phase per pole. 

[0056] The stator winding 16A is constituted by two 
three-phase alternating-current windings in each of 
which three of six winding phase portions 45A are 
formed into an alternating-current connection (a Y con- 
nection, for example), the winding phase portions 45A 
each being formed by winding a conductor wire 29 in a 
wave shape into every sixth slot 44A, the conductor wire 
29 being composed of a copper wire material having a 
circular cross section coated with an electrical insulator. 
[0057] The winding phase portions 45A are each con- 
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structed into a wave winding in which the conductor wire 
29 is wound for a predetermined number of winds, the 
winding phase portions 45A each being formed into a 
distributed winding portion having a wave-shaped pat- 
tern composed of: twelve slot-housed portions 45a ar- 5 
ranged at a pitch of six slots in a circumferential direc- 
tion; and linking portions 45b linking together a first half 
of end portions of adjacent pairs of the slot-housed por- 
tions 45a alternately at first and second axial ends and 
linking together a second half of the end portions alter- w 
nately at the first and second axial ends. Moreover, the 
slot-housed portions 45a of the winding phase portions 
45A are arranged in a similar manner to the slot-housed 
portions 45a of the winding phase portions 45 shown in 
Figure 4, but at a pitch of six slots. The winding phase is 
portions 45A are installed in the stator core 41 A such 
that the slot-housed portions 45a are housed in a cor- 
responding group of slots 44A disposed at a pitch of six 
slots in a circumferential direction. 

[0058] The six winding phase portions 45A are in- 20 
stalled in the stator core 41 A so as to be offset from each 
other by a pitch of one slot (1P) in a circumferential di- 
rection and are stacked into six layers radially. The coil 
ends (the linking portions 45b) of the six winding phase 
portions 45A constitute front-end and rear-end coil end 25 
groups 1 6f and 1 6r of the stator winding 1 6A. 
[0059] In the stator 40A constructed in this manner, 
ventilation channels 1 00A formed by the coil end groups 
16f and 1 6r and the tooth portions 42A of the stator core 
41 A are also arranged circumferentially. Moreover, al- 30 
though not shown, a varnish is impregnated into the 
slots 44A which house the stator winding 1 6A, fixing the 
stator winding 1 6A to the stator core 41 A. 
[0060] The rest of the embodiment is constructed in 
a similar manner to Embodiment 1 above. 35 
[0061 ] According to Embodiment 2 , because the tooth 
portions 42A of the stator core 41 A are each formed at 
a ratio of bt/ht = 0.25, heat dissipation from the coil end 
groups 16f and 1 6r is large compared to Embodiment 1 
above, where the ratio of bt/ht equals 0.35, thereby en- 40 
abling temperature increases in the stator 40A to be 
suppressed. 

[0062] Because the slots 44A are formed at a ratio of 
two per phase per pole, the number of ventilation chan- 
nels 1 00A formed between the coil end groups 1 6f and *s 
1 6r and end surfaces of the stator core 41 A is twice the 
number in Embodiment 1 above, further suppressing 
temperature increases in the stator 40A and reducing 
wind noise. 

50 

Embodiment 3 

[0063] As shown in Figure 9, in Embodiment 3, the 
entire axial lengths of blades 5a of the cooling fans 5 
substantially overlap the coil end groups 1 6f and 1 6r in 55 
a radial direction. The rest of the embodiment is con- 
structed in a similar manner to Embodiment 2 above. 
[0064] According to Embodiment 3, because the en- 
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tire axial lengths of the blades 5a of the cooling fans 5 
substantially overlap the coil end groups 16f and 16r in 
a radial direction, cooling airflows generated by the cool- 
ing fans 5 are reliably supplied to the coil end groups 
16f and 16r, increasing cooling of the coil end groups 
16f and 16r. In addition, because discharge sides of the 
cooling fans 5 are shielded by the coil end groups 16f 
and 16r, sound propagation is effectively blocked, re- 
ducing wind noise. 

Embodiment 4 

[0065] Figure 1 0 is a perspective showing a stator of 
an automotive alternator according to Embodiment 4 of 
the present invention, Figure 11 is a partial side eleva- 
tion showing the stator of the automotive alternator ac- 
cording to Embodiment 4 of the present invention, and 
Figure 12 is a partial perspective explaining a construc- 
tion of one winding phase portion of a stator winding in 
the stator in Figure 10. 

[0066] In Figures 1 0 to 1 2, a stator 40B is constituted 
by: a stator core 41 B; and a stator winding 1 6B installed 
in the stator core 41 B. The stator core 41 B is prepared 
in a similar manner to the stator core 41 A in Embodiment 
2 above, and tooth portions 42B each extending from a 
base portion 43B thereof are each formed at a ratio of 
bt/ht = 0.25 (bt = 2.5 mm, ht = 1 0.0 mm). Moreover, there 
are ninety-six slots 44B formed in the stator core 41 B. 
Here, a rotor having sixteen magnetic poles is used, the 
slots being formed at a ratio of two per phase per pole. 
[0067] The stator winding 16B is constituted by two 
three-phase alternating-current windings in each of 
which three of six winding phase portions 45B are 
formed into an alternating-current connection (a Y con- 
nection, for example), the winding phase portions 45B 
each being formed by inserting a large number of first 
and second conductor segments 50 and 5 1 into the slots 
44B and joining together free end portions of the con- 
ductor segments 50 and 51, the first and second con- 
ductor segments 50 and 51 being composed of a copper 
wire material having a rectangular cross section coated 
with an electrical insulator. 

[0068] The rest of the embodiment is constructed in 
a similar manner to Embodiment 2 above. 
[0069] A construction of the stator winding 16B will 
now be explained in detail. 

[0070] Each of the winding phase portions 45B is con- 
stituted by a large number of the first conductor seg- 
ments 50 and a large number of the second conductor 
segments 51 . The first conductor segments 50 are each 
formed by bending a short length of the copper wire ma- 
terial having the rectangular cross section coated with 
the electrical insulator into a general U shape in which 
a pair of first slot-housed portions 50a face each other 
so as to be separated at a pitch of six slots circumfer- 
entially and are offset radially by a width (W) of the first 
conductor segment 50 by means of a first turn portion 
50b. Furthermore, the second conductor segments 51 
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are each formed by bending a short length of the copper 
wire material having the rectangular cross section coat- 
ed with the electrical insulator into a general U shape in 
which a pair of second slot-housed portions 51a face 
each other so as to be separated at a pitch of six slots 
circumferentially and are offset radially by a predeter- 
mined amount by means of a second turn portion 51b. 
The amount of radial offset between the pair of second 
slot-housed portions 51a corresponds to an amount in 
which two first slot-housed portions 50a can be accom- 
modated. 

[0071] The first conductor segments 50 are inserted 
into the stator core 41 B from a rear end into pairs of slots 
44B six slots apart, and first free end portions 50c ex- 
tending outwards at a front end are bent into a splayed 
shape. Here, the first conductor segments 50 are each 
inserted into a second position in a slot depth direction 
(corresponding to the radial direction) ("a second ad- 
dress") in a first slot of each of the pairs of slots 44B, 
and into a third position in the slot depth direction (°a 
third address") in a second slot of each of the pairs of 
slots 44B. 

[0072] The second conductor segments 5 1 are insert- 
ed into the stator core 41 B from a rear end into the pairs 
of slots 44B into which the first conductor segments 50 
are inserted, and second free end portions 51c extend- 
ing outwards at the front end are bent into a splayed 
shape. Here, the second conductor segment 51 are 
each inserted into a fourth position in the slot depth di- 
rection ("a fourth address": deepest portion) in the first 
slot of each of the pairs of slots 44B, and into a first po- 
sition in the slot depth direction ("a first address": shal- 
lowest portion) in the second slot of each of the pairs of 
slots 44B. 

[0073] Then, the second free end portions 51c of the 
second conductor segments 51 extending outwards at 
the front end from the first address and the first free end 
portions 50c of the first conductor segments 50 extend- 
ing outwards at the front end from the second address 
are lined up in a radial direction and joined together by 
welding, soldering, etc. Similarly, the first free end por- 
tions 50c of the first conductor segments 50 extending 
outwards at the front end from the third address and the 
second free end portions 51c of the second conductor 
segments 51 extending outwards at the front end from 
the fourth address are lined up in a radial direction and 
joined together by welding, soldering, etc. Thus, four 
winding sub-portions having one turn each are formed 
by linking large numbers of the first and second conduc- 
tor segments 50 and 51. Then, the first winding phase 
portion 45B, which has four turns, is constructed by con- 
necting the four winding sub-portions in series. 
[0074] Here, the four first and second slot-housed 
portions 50a and 51a are housed in each of the slots 
44B so as to line up in one row with the longitudinal axes 
of the rectangular cross sections of the four first and sec- 
ond slot-housed portions 50a and 51a aligned in the slot 
depth direction. At the rear end, the first and second turn 



portions 50b and 51 b are stacked up in two layers axially 
and arranged circumferentially at a pitch of six slots. At 
the front end, joint portions 53 joining the first and sec- 
ond free end portions 50c and 51c are lined up radially 

5 and arranged in two rows in a circumferential direction 
at a pitch of six slots. Moreover, the first and second turn 
portions 50b and 51b constitute rear-end coil ends, and 
the first and second free end portions 50c and 51 c which 
are linked by the joint portions 53 constitute front-end 

10 coil ends. 

[0075] The six winding phase portions 45B are in- 
stalled in the stator core 41 B so as to be offset from each 
other by one slot in a circumferential direction, consti- 
tuting the stator 40B. The first and second free end por- 
15 tions 50c and 51c which are linked by the joint portions 
53 are arranged circumferentially at a pitch of one slot 
to form two rows, constituting the front-end coil end 
group 16f. The first and second turn portions 50b and 
51b which are stacked up in two layers axially are ar- 
20 ranged circumferentially at a pitch of one slot, constitut- 
ing the rear-end coil end group 16r. Thus, ventilation 
channels 100B are formed between the front-end and 
rear-end coil end groups 16f and 16r and end surfaces 
of the stator core 41 B. Moreover, each of the first and 
second conductor segments 50 and 51 constituting 
each of the winding phase portions 45B is installed in a 
wave winding so as to extend outwards at an end sur- 
face of the stator core 41 B from an inner layer in any 
given slot 44B, fold over, and enter an outer layer in a 
slot 44B six slots away. 

[0076] In Embodiment 4, because the tooth portions 
42B extending from the base portion 43B are each 
formed at a ratio of bt/ht = 0.25, temperature increases 
in the stator 40B can be suppressed in a similar manner 
to Embodiment 2 above. 

[0077] The first and second free end portions 50c and 
51c which are linked by the joint portions 53 are lined 
up neatly to form two rows in a circumferential direction, 
constituting the front-end coil end group 1 6f , and the first 
and second turn portions 50b and 51 b are lined up neat- 
ly in a circumferential direction to form two layers in an 
axial direction, constituting the rear-end coil end group 
16r. Thus, because the surface areas of the first and 
second conductor segments 50 and 51 which are ex- 
posed to the cooling airflows flowing through the venti- 
lation channels 1 00B are increased, cooling of the stator 
is improved compared to Embodiment 2 above. In ad- 
dition, because the ventilation channels 100B are ar- 
ranged uniformly in a circumferential direction, and the 
ventilation channels 100B are formed in a generally uni- 
form shape, the coil end groups 16f and 16r are cooled 
in a well-balanced manner, improving cooling of the sta- 
tor and reducing wind noise compared to Embodiment 
2 above. 

Embodiment 5 

[0078] Figure 13 is a perspective showing a stator 
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used in an automotive alternator according to Embodi- 
ment 5 of the present invention, Figure 14 is a partial 
side elevation showing the stator used in the automotive 
alternator according to Embodiment 5 of the present in- 
vention, and Figures 1 5 and 1 6 are partial perspectives s 
explaining a winding construction of a stator winding in 
the stator used in the automotive alternator shown in 
Figure 13. 

[0079] In Embodiment 5, continuous conductor wires 
60 composed of a copper wire material having a rectan- 10 
gular cross section coated with an electrical insulator 
are used as electrical conductors. 
[0080] In Figures 1 3 and 14, a stator 40C is constitut- 
ed by: a stator core 41 C; and a stator winding 16C in- 
stalled in the stator core 41 C. In the stator core 41 C, is 
tooth portions 42C extending from a base portion 43C 
thereof are each formed at a ratio of bt/ht = 0.25 (bt = 
2.5 mm, ht = 10.0 mm). Moreover, there are ninety-six 
slots 44C formed in the stator core 41 C. Here, a rotor 
having sixteen magnetic poles is used, the slots being 20 
formed at a ratio of two per phase per pole. 
[0081] The stator winding 16C is constituted by two 
three-phase alternating-current windings in each of 
which three of six winding phase portions 45C are 
formed into an alternating-current connection (a Y con- 25 
nection, for example), the winding phase portions 45C 
each being formed by winding one of the continuous 
conductor wires 60 in a wave shape into every sixth slot 
44C. 

[0082] The rest of the embodiment is constructed in 30 
a similar manner to Embodiment 4 above. 
[0083] A construction of the stator winding 16C will 
now be explained in detail. 

[0084] Each of the winding phase portions 45C is con- 
stituted by four continuous conductor wires 60 installed 35 
into one of six (first to sixth) slot groups constituted by 
every sixth slot 44C. 

[0085] In a first slot group constituted by every sixth 
slot 44C, a first continuous conductor wire 60 is installed 
in a wave shape so as to alternately occupy the first ad- *o 
dress and the second address in every sixth slot 44C, 
and a second continuous conductor wire 60 is installed 
in a wave shape so as to alternately occupy the second 
address and the first address in every sixth slot 44C, 
forming two inner circumferential winding sub-portions *s 
having one turn each. In addition, a third continuous 
conductor wire 60 is installed in a wave shape so as to 
alternately occupy the third address and the fourth ad- 
dress in every sixth slot 44C, and a fourth continuous 
conductor wire 60 is installed in a wave shape so as to so 
alternately occupy the fourth address and the third ad- 
dress in every sixth slot 44C, forming two outer circum- 
ferential winding sub-portions having one turn each. A 
first winding phase portion 45C having four turns is 
formed by connecting these inner circumferential wind- 55 
ing sub-portions and outer circumferential winding sub- 
portions in series. 

[0086] In addition, in second to sixth slot groups con- 
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stituted by every sixth slot 44C, continuous conductor 
wires 60 are similarly installed, and second to sixth wind- 
ing phase portions 45C having four turns each are 
formed by connecting the inner circumferential winding 
sub-portions and the outer circumferential winding sub- 
portions in series. 

[0087] Two three-phase alternating-current windings 
are constructed by connecting three of the first to sixth 
winding phase portions 45C constructed in this manner 
into each of two alternating-current connections. The 
two three-phase alternating-current windings constitute 
the stator winding 16C. 

[0088] Moreover, four continuous conductor wires 60 
are housed in each of the slots 44C so as to line up in 
one row in a slot depth direction (radial direction) with 
the longitudinal axis of the rectangular cross sections of 
the continuous conductor wires 60 aligned with the slot 
depth direction. 

[0089] Here, as shown in Figure 1 5, each of the inner 
circumferential winding sub-portions is constructed into 
a wave-shaped pattern in which straight portions 60a of 
the continuous conductor wires 60 are disposed at a 
pitch of six slots so as to be offset by a width (W) of the 
continuous conductor wires 60 alternately on a first and 
second side of a direction of disposal by turn portions 
60b of the continuous conductor wires 60. As shown in 
Figure 16, two inner circumferential winding sub-por- 
tions installed in a common slot group are offset by a 
pitch of six slots from each other to form a winding sub- 
portion pair in which the straight portions 60a are dis- 
posed one on top of another. In addition, the inner cir- 
cumferential winding sub-portions of the first to sixth 
winding phase portions are constructed such that the 
winding sub-portion pairs therein are arranged to be off- 
set by a pitch of one slot from those of the next winding 
phase portion. Moreover, the outer circumferential wind- 
ing sub-portions are constructed in a similar manner to 
the inner circumferential winding sub-portions. 
[0090] In the stator 40C manufactured in this manner, 
the stator winding 16C is constituted by twenty-four 
winding sub-portions 45C having one turn each, each 
being constructed by installing one continuous conduc- 
tor wire 60 so as to alternately occupy an inner layer and 
an outer layer in a slot depth direction in every sixth slot 
44C. 

[0091 ] Coil ends folded over outside the slots at front- 
end and rear-end surfaces of the stator core 41 C, that 
is, the turn portions 60b of the continuous conductor 
wires 60, are arranged uniformly in a circumferential di- 
rection to form two rows in a radial direction, constituting 
front-end and rear-end coil end groups 16f and 16r. 
[0092] Thus, in Embodiment 5, because the tooth por- 
tions 42C disposed so as to extend from the base por- 
tion 43C are each formed at a ratio of bt/ht = 0.25, tem- 
perature increases in the stator 40C can be suppressed 
in a similar manner to Embodiment 4 above. 
[0093] The turn portions 60b are lined up neatly in a 
circumferential direction to form two rows, constituting 
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the front-end and rear-end coil end groups 16f and 16r. 
Thus, because the surface areas of the continuous con- 
ductor wires 60 which are exposed to the cooling air- 
flows flowing through the ventilation channels 100C are 
increased and the ventilation channels 100C are ar- 
ranged uniformly in a circumferential direction, cooling 
of the stator is improved and wind noise is reduced in a 
similar manner to Embodiment 4 above. 
[0094] In Embodiment 5, because each winding sub- 
portion 45C having one turn is constituted by one con- 
tinuous conductor wire 60, the complicated operations 
of inserting and joining the first and second conductor 
segments 50 and 51 required in Embodiment 4 above 
can be omitted. 

[0095] In Embodiment 4 above, the front-end coil end 
group 16f is constituted by coil ends formed by joining 
together the first and second free end portions 50c and 
51c of the first and second conductor segments 50 and 
51 . Thus, because the joint portions 53 are present on 
apex portions of the coil ends, wind noise was generated 
due to interference between the cooling airflows and the 
joint portions 53. In Embodiment 5, on the other hand, 
the front-end coil end group 1 6f is constituted in a similar 
manner to the rear-end coil end group 16r by coil ends 
constituted by the turn portions 60b of the continuous 
conductor wires 60. Thus, wind noise resulting from in- 
terference between the cooling airflows and the joint 
portions 53 is eliminated, enabling wind noise to be re- 
duced. 

[0096] Next, a method for assembling the stator 40C 
according to Embodiment 5 will be explained with refer- 
ence to Figures 17 to 20C. 

[0097] First, twelve continuous conductor wires 60 
are lined up in a plane at a pitch of one slot. Then, as 
shown in Figure 17, the twelve continuous conductor 
wires 60 are folded over together at a predetermined 
pitch (at the positions of the double-dotted chain lines), 
forming a strip-shaped winding unit 61 in which the 
twelve continuous conductor wires 60 are wound into a 
helical shape. 

[0098] A first pair of pin groups 62 is inserted between 
the continuous conductor wires 60 from a front side of 
the winding unit 61 at positions separated by a distance 
L relative to a width direction of the winding unit 61 . Sim- 
ilarly, a second pair of pin groups 62 is inserted between 
the continuous conductor wires 60 from a rear side of 
the winding unit 61 at positions separated by a distance 
L in a width direction of the winding unit 61 . In addition, 
position-regulating pin groups 63 are inserted between 
the continuous conductor wires 60 at end portions in a 
width direction of the winding unit 6 1 . Thus, the first, sec- 
ond, and position-regulating pin groups 62 and 63 are 
set as shown in Figure 1 8. Here, the distance L generally 
matches a groove length of the slots 44C (an axial length 
of the stator core 41 C). 

[0099] Then, the pin groups 62 in the first pair of pin 
groups 62 inserted between the continuous conductor 
wires 60 from the front side of the winding unit 61 are 



moved in mutually opposite directions in a longitudinal 
direction of the winding unit 61 , as indicated by solid ar- 
rows in Figure 1 8. Similarly, the pin groups 62 in the sec- 
ond pair of pin groups 62 inserted between the contin- 

5 uous conductor wires 60 from the rear side of the wind- 
ing unit 61 are moved in mutually opposite directions in 
the longitudinal direction of the winding unit 61, as indi- 
cated by broken arrows in Figure 18. At this time, the 
continuous conductor wires 60 are prevented from com- 

w ing apart because the position-regulating pin groups 63 
are inserted between the continuous conductor wires 
60. 

[01 00] Thus, the portions of the continuous conductor 
wires 60 positioned between the pairs of pin groups 62 

is are deformed so as to become perpendicular to the lon- 
gitudinal direction of the winding unit 61 , becoming the 
straight portions 60a housed inside the slots 44C. The 
portions of the continuous conductor wires 60 posi- 
tioned outside the pairs of pin groups 62 become the 

20 turn portions 60b linking straight portions 60a six slots 
apart. The winding assembly 65 shown in Figure 19 is 
manufactured in this manner. This winding assembly 65 
has a construction equivalent to six of the winding sub- 
portion pairs shown in Figure 16 offset by a pitch of one 

25 slot from each other. In other words, the winding assem- 
bly 65 is constructed such that the continuous conductor 
wires 60 are formed into a pattern in which the straight 
portions 60a are disposed at a pitch of six slots and 
linked by the turn portions 60b and adjacent straight por- 

30 tions 60a are alternately offset by a width of the contin- 
uous conductor wires 60 on a first and second side of a 
direction of disposal by the turn portions 60b, pairs of 
continuous conductor wires 60 being formed by dispos- 
ing two continuous conductor wires 60 so as to be offset 

35 by a pitch of six slots from each other with straight por- 
tions 60a stacked one on top of another, six pairs of con- 
tinuous conductor wires 60 being offset by a pitch of one 
slot from each other. 

[01 01 ] A rectangular parallelepiped core 70 is manu- 

40 factured by laminating a predetermined number of mag- 
netic steel plates 30 cut to a predetermined length and 
laser welding outer circumferential portions thereof. The 
rectangular parallelepiped core 70 includes: a base por- 
tion 70a; tooth portions 70b disposed so as to extend 

45 from the base portion 70a at a predetermined pitch; and 
slots 70c which are defined by the base portion 70a and 
adjacent pairs of the tooth portions 70b. Insulators (not 
shown) are mounted in each of the slots 70c of the rec- 
tangular parallelepiped core 70, and then, as shown in 

50 Figure 20A, two winding assemblies 65 are mounted 
one on top of the other in the rectangular parallelepiped 
core 70 by inserting the straight portions 60a into the 
slots 70c. Next, as shown in Figure 20B, the rectangular 
parallelepiped core 70 mounted with the two winding as- 

55 semblies 65 is rolled up. Then, as shown in Figure 20C, 
first and second end portions of the rolled up core 70 
are abutted, and the abutted portions are laser welded 
to obtain the cylindrical stator core 41 C mounted with 
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the two winding assemblies 65. In addition, the contin- 
uous conductor wires 60 are connected to obtain the 
stator 40C shown in Figure 1 3. 
[01 02] Because the winding assembly 65 constructed 
by integrating twelve continuous conductor wires 60 
each formed into a wave shape so as to alternately oc- 
cupy an inner layer and an outer layer in a slot depth 
direction in every sixth slot 44C is manufactured this 
manner, the operation of installing the stator winding 
16C is simplified and the number of joints in the contin- 
uous conductor wires 60 is significantly reduced, im- 
proving the rate at which the stator can be produced. 
[01 03] Now, the winding assembly 65 used in Embod- 
iment 5 above is manufactured so as to be constituted 
by a group of winding sub-portions 45C each having one 
turn when installed in the stator core 41 C, but winding 
assembly units may be used in which the winding as- 
sembly 65 is divided into two or three parts in a longitu- 
dinal direction. In that case, the group of winding sub- 
portions 45C each having one turn is constructed by in- 
stalling the winding assembly units in the rectangular 
parallelepiped core 70 so as to line up in one row, rolling 
up the rectangular parallelepiped core 70, abutting and 
joining first and second end portions of the core 70, then 
joining each of the continuous conductor wires 60 in the 
winding assembly units. 

[01 04] In Embodiment 5 above, because the slots are 
formed at a ratio of two per phase per pole, the winding 
assembly 65 is manufactured using twelve continuous 
conductor wires 60, but the invention can be applied to 
cases in which the slots are formed at a ratio of one or 
three or more per phase per pole, and the number of 
continuous conductor wires 60 constituting the winding 
assembly 65 may be selected appropriately so as to 
match the ratio of slots per phase per pole. For example, 
when the slots are formed at a ratio of one per phase 
per pole, the winding assembly is constructed such that 
the continuous conductor wires are formed into pattern 
in which straight portions are disposed at a pitch of three 
slots linked by turn portions, and adjacent straight por- 
tions are alternately offset by a width of the continuous 
conductor wires on a first and second side of a direction 
of disposal by the turn portions, pairs of continuous con- 
ductor wires being formed by disposing two continuous 
conductor wires so as to be offset by a pitch of three 
slots from each other with straight portions stacked one 
on top of another, three pairs of continuous conductor 
wires being offset by a pitch of one slot from each other. 
[0105] In Embodiment 5 above, the continuous con- 
ductor wires 60 of the winding assembly 65 are formed 
into a pattern in which the straight portions 60a are al- 
ternately offset by a width of the continuous conductor 
wires 60 by the turn portions 60b, but continuous con- 
ductor wires of a winding assembly may be formed into 
a pattern in which straight portions are alternately offset 
by twice a width of the continuous conductor wires by 
turn portions. In that case, an air gap equivalent to two 
continuous conductor wires is formed between the 



straight portions of continuous conductor wires consti- 
tuting a pair, and a stator winding similar to that of Em- 
bodiment 4 can be obtained by inserting the above-men- 
tioned winding assembly 65 into a winding assembly 
5 manufactured in this manner and installing the two wind- 
ing assemblies into a stator core. 

Embodiment 6 

10 [01 06] As shown in Figure 21 , in Embodiment 6, first 
and second tooth portions 42D^ and 42D 2 of a stator 
core 41 D are disposed so as to extend from a cylindrical 
base portion 43D alternately in a circumferential direc- 
tion. The first tooth portions 42D 1 are each formed at a 
15 ratio of bt/ht = 0.2 (bt = 2.0 mm, ht = 1 0.00 mm), and the 
second tooth portions 42D 2 are each formed at a ratio 
of bt/ht = 0.3 (bt = 3.0 mm, ht = 1 0.00 mm). Furthermore, 
ninety-six slots 44D are formed, each of which is defined 
by the base portion 43D and a pair of adjacent tooth por- 
20 tions constituted by one first tooth portion 42D 1 and one 
second tooth portion 42D 2 . 

[0107] The rest of the embodiment is constructed in 
a similar manner to Embodiment 5 above. 
[01 08] Because Embodiment 6 includes the first tooth 
portions 42D 1f which are each formed at a ratio of bt/ht 
= 0.2, and the second tooth portions 42D 2 , which are 
each formed at a ratio of bt/ht = 0.3, temperature in- 
creases in the stator can be suppressed in a similar 
manner to Embodiment 5 above. 
[0109] In Embodiment 6, because the first tooth por- 
tions 42D) , which each have a width bt of 2.0 mm, and 
the second tooth portions 42D 2 , which each have a 
width bt of 3.0 mm, are disposed alternately in a circum- 
ferential direction, the slots 44D are arranged at a non- 
uniform pitch in a circumferential direction. In other 
words, ventilation channels formed by coil end groups 
and the tooth portions 42D^ and 42D 2 of the stator core 
41 D are arranged at a nonuniform pitch in a circumfer- 
ential direction. Furthermore, the width of the ventilation 
channels is nonuniform. Thus, because periodic wind 
noise arising due to cooling airflows passing through 
ventilation channels which are disposed at an even an- 
gular pitch in a circumferential direction is dispersed by 
arranging the ventilation channels at a nonuniform pitch 
in the circumferential direction, wind noise can be re- 
duced. 

[0110] Moreover, each of the above embodiments 
has been explained with reference to stator cores in 
which the slots are formed at a ratio of one or two per 
phase per pole, but similar effects can also be achieved 
if the present invention is applied to a stator core in 
which slots are formed at a ratio of three or more per 
phase per pole. 

[01 1 1 ] Each of the above embodiments has been ex- 
plained as applying to an automotive alternator of the 
type in which the field winding 13 is installed in the first 
and second pole cores 20 and 21 so as to be covered 
by the first and second claw-shaped magnetic poles 22 



25 



30 



35 



40 



45 



50 



55 



12 



23 

and 23 and rotate with the first and second claw-shaped 
magnetic poles 22 and 23 and the field current is sup- 
plied to the field winding through the brushes 10, but 
similar effects will also be exhibited if the present inven- 
tion is applied to a brushless automotive alternator in 
which a field winding is secured to a bracket and a ro- 
tating magnetic field is supplied to a stator through air 
gaps. 

[0112] The present invention is constructed in the 
above manner and exhibits the effects described below. 
[01 13] According to one aspect of the present inven- 
tion, there is provided an automotive alternator includ- 
ing: 

a shaft rotatably supported by a case; 

a rotor fixed to the shaft, the rotor being provided 

with: 

a field winding for generating a magnetic flux 
on passage of an electric current therethrough; 
and 

a plurality of claw-shaped magnetic poles dis- 
posed circumferentially on an outer circumfer- 
ential side of the field winding, the claw-shaped 
magnetic poles being magnetized by the mag- 
netic flux generated by the field winding; and 

a stator provided with: 

a cylindrical stator core supported by the case 
so as to envelop the rotor, a plurality of slots 
extending axially being formed in the stator 
core so as to line up circumferentially; and 
a stator winding installed in the stator core, 

wherein the stator core is constructed by laminating 
a magnetic steel plate, the stator core being provid- 
ed with: 



24 

erance is improved, and deterioration in electrical 
insulation can be suppressed. 

[01 14] A cooling fan may be fixed to an axial end sur- 
5 face of the rotor, improving cooling of the stator. 

[01 1 5] Air discharge apertures may be formed in a ra- 
dial side surface of the case so as to correspond to the 
ventilation channels, increasing cooling of the stator and 
reducing wind noise. 
10 [01 1 6] An entire axial length of a blade of the cooling 
fan may substantially overlap the coil end group in a ra- 
dial direction, further increasing cooling of the stator and 
effectively blocking sound propagation, thereby reduc- 
ing wind noise. 

15 [01 17] The stator winding may be installed in the sta- 
tor core as a distributed winding, reducing irregularities 
on inner wall surfaces of the ventilation channels, there- 
by improving cooling of the stator 
[01 18] The stator winding may be constituted by a plu- 

20 rality of winding sub-portions each constructed by in- 
stalling an electrical conductor so as to alternately oc- 
cupy an inner layer and an outer layer in a slot depth 
direction in the slots at a predetermined slot interval, 
whereby the ventilation channels are arranged uniform- 

25 |y jn a circumferential direction and the ventilation chan- 
nels are each formed in a generally uniform shape, cool- 
ing the coil end groups in a well-balanced manner, there- 
by improving cooling of the stator 
[0119] The slots may be formed at a ratio of two or 

30 more per phase per pole, increasing the number of ven- 
tilation channels and improving cooling of the stator. 
[0120] The ventilation channels may be arranged at 
a non-uniform pitch, dispersing periodic wind noise 
caused by the cooling airflows on passage through the 

35 ventilation channels, thereby reducing wind noise. 

Claims 
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a cylindrical base portion; 40 
a plurality of tooth portions disposed so as to 
extend from the base portion toward an axial 
center; and 

the plurality of slots, each of the slots being de- 
fined by the base portion and an adjacent pair 45 
of the tooth portions; 

ventilation channels are formed by a coil end group 
of the stator winding and the tooth portions of the 
stator core, a cooling airflow generated by rotation so 
of the rotor flowing through each of the ventilation 
channels in a radial direction from an inner circum- 
ferential side; and 

each of the tooth portions is formed such that a ra- 
dial length ht and a width bt thereof satisfy an ex- 55 
pression 0.15 < bt/ht < 0.4, thereby providing an au- 
tomotive alternator in which temperature increases 
in the stator are suppressed, heat degradation tol- 



1 . An automotive alternator comprising: 

a shaft (6) rotatably supported by a case (3); 
a rotor (7) fixed to said shaft, said rotor being 
provided with: 

a field winding (13) for generating a mag- 
netic flux on passage of an electric current 
therethrough; and 

a plurality of claw-shaped magnetic poles 
(22,23) disposed circumferentially on an 
outer circumferential side of said field wind- 
ing (13), said claw-shaped magnetic poles 
being magnetized by said magnetic flux 
generated by said field winding; and 

a stator (40,40A,40B,40C) provided with: 

a cylindrical stator core (41 ,41 A,41 B,41C, 



13 



25 



EP 1 223 657 A1 



26 



41 D) supported by said case (3) so as to 
envelop said rotor (7), a plurality of slots 
(44,44A,44B,44C,44D) extending axially 
being formed in said stator core so as to 
line up circumferentially; and 5 
a stator winding (16,16A,16B,16C) in- 
stalled in said stator core, 

wherein said stator core (41 t 41A,41B,41C, 
41 D) is constructed by laminating a magnetic w 
steel plate, said stator core being provided with: 

a cylindrical base portion (43,43A,43B, 
43C,43D); 

a plurality of tooth portions (42.42A.42B, 15 
420,420^4202) disposed so as to extend 
from said base portion toward an axial 
center; and 

said plurality of slots (44,44A,44B,44C, 
44D), each of said slots being defined by 20 
said base portion and an adjacent pair of 
said tooth portions; 

ventilation channels (100.100A,100B,100C) 
are formed by a coil end group (16f,16r) of said 25 
stator winding (16,16A,16B,16C) and said 
tooth portions (42,42A,42B,42C I 42D 1 ,42D 2 ) of 
said stator core, a cooling airflow generated by 
rotation of said rotor flowing through each of 
said ventilation channels in a radial direction 30 
from an inner circumferential side; and 
each of said tooth portions (42,42A,42B,42C, 
420^4202) is formed such that a radial length 
ht and a width bt thereof satisfy an expression 
0.15 < bt/ht < 0.4. 35 



1 6C) is constituted by a plurality of winding sub-por- 
tions each constructed by installing an electrical 
conductor (50,51 ,60) so as to alternately occupy an 
inner layer and an outer layer in a slot depth direc- 
tion in said slots (44B,44C,44D) at a predetermined 
slot interval. 

7. The automotive alternator according to any one of 
Claims 1 to 6, wherein said slots (44A,44B,44C, 
44D) are formed at a ratio of two or more per phase 
per pole. 

8. The automotive alternator according to any one of 
Claims 1 to 7, wherein said ventilation channels are 
arranged at a non-uniform pitch. 



2. The automotive alternator according to Claim 1 , fur- 
ther comprising a cooling fan (5) fixed to an axial 
end surface of said rotor (7). 

40 

3. The automotive alternator according to Claim 2 
wherein air discharge apertures (1b,2b) are formed 
in a radial side surface of said case (3) so as to cor- 
respond to said ventilation channels (100.100A, 
100B.100C). 45 

4. The automotive alternator according to Claim 2 or 
3, wherein an entire axial length of a blade (5a) of 
said cooling fan (5) substantially overlaps said coil 
end group (16f,16r) in a radial direction. so 

5. The automotive alternator according to any one of 
Claims 1 to 4, wherein said stator winding (16.16A) 
is installed in said stator core (41 ,41 A) as a distrib- 
uted winding. 55 

6. The automotive alternator according to any one of 
Claims 1 to 4, wherein said stator winding (16B, 
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